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Abstract
The occurrence of osteoarthritis is closely related to chondrocyte dysfunction caused by cellular inflammatory response 
and matrix degradation, which seriously affect the quality of life of patients. Therefore, this study aimed to investigate the 
role of potassium voltage-gated channel subfamily Q member 1 overlapping transcript 1 (KCNQ1OT1), a member of the 
lncRNA voltage-gated channel subfamily Q, in the development of osteoarthritis. In this study, RT-qPCR results showed 
that KCNQ1OT1 expression was downregulated in osteoarthritic chondrocytes compared with normal chondrocytes. In 
addition, upregulation of KCNQ1OT1 significantly enhanced the viability of osteoarthritic chondrocytes, inhibited cell 
apoptosis, and reduced the release of inflammatory cytokines and metal matrix enzymes. Next, bioinformatics analysis and 
luciferase reporter gene analysis predicted and validated the targeting relationship between KCNQ1OT1 and miR-218-5p. 
We found that the expression of miR-218-5p was significantly upregulated in osteoarthritic chondrocytes, and knockdown 
of miR-218-5p significantly enhanced the viability of osteoarthritic chondrocytes, inhibited apoptosis, and decreased the 
abundance of inflammatory cytokines and metal matrix enzymes. Furthermore, the targeting relationship between miR-
218-5p and recombinant phosphoinositide-3-kinase class-2-alpha polypeptide (PIK3C2A) was identified, and overexpression 
of PIK3C2A enhanced cell viability, and reduced apoptosis and secretion of inflammatory factors. Finally, we found that 
miR-218-5p overexpression reversed the protective effect of overexpression of KCNQ1OT1 or PIK3C2A on osteoarthritic 
chondrocytes. In conclusion, our results demonstrated that KCNQ1OT1 upregulated PIK3C2A and activated the PI3K/AKT/
mTOR pathway to reduce chondrocyte dysfunction by targeting miR-218-5p, providing new insights into the pathogenesis 
of osteoarthritis.

Keywords Osteoarthritis · LncRNA KCNQ1OT1 · MiR-218-5p · PIK3C2A · The PI3K/AKT/ mTOR pathway

Abbreviations
LncRNA  Long non-coding RNA
siRNA  Small interference RNA
ceRNA  Competing endogenous RNA
KCNQ1OT1  Potassium voltage-gated channel subfamily 

Q member 1 overlapping transcript 1
PIK3C2A  Recombinant phosphoinositide-3-kinase 

class-2-alpha polypeptide
IL-1β  Interleukin-1β

IL-6  Interleukin-6
TNF-α  Tumor necrosis factor-α
COX-2  Cyclooxygenase-2
MMP-13  Matrix metallopeptidase-13
ADAMTS-5  ADAM metallopeptidase with thrombos-

pondin type 1 motif 5
COL2A1  Collagen type II alpha 1 chain
ECM  Extracellular matrix components
OARSI  Osteoarthritis Research Society 

International
SDS-PAGE  Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis
PVDF  Polyvinylidene difluoride
HRP  Horseradish peroxidase

 * Fupeng Ding 
 ding666fu@jlu.edu.cn

1 Department of Orthopaedics, The First Hospital of Jilin 
University, 3302 Jilin Road, Changchun 130000, Jilin, China

2 Department of Anesthesiology, The First Hospital of Jilin 
University, Changchun 130000, Jilin, China

3 The Third Department of Radiotherapy, Jilin Provincial 
Tumor Hospital, Changchun 130012, Jilin, China

/ Published online: 30 March 2021

Cell and Tissue Research (2021) 385:115–126

http://orcid.org/0000-0002-6942-9660
http://crossmark.crossref.org/dialog/?doi=10.1007/s00441-021-03441-8&domain=pdf


1 3

Introduction

Osteoarthritis is a common orthopedic disease, which can 
cause such symptoms as chronic progressive joint swell-
ing, pain, joint stiffness, and even deformity (Liu et al. 
2018). Among the middle-aged people aging 50–60, the 
prevalence of osteoarthritis has reached 50% and 80% 
among the elderly over 75 (Safiri et al. 2020; Sun et al. 
2019). Osteoarthritis has a progressive development with 
the increase of age, and the late disability rate can be as 
high as 40%, which seriously affects the health and quality 
of life of the elderly (Zhang et al. 2016). Unfortunately, 
the pathogenesis of the disease is not completely clear, and 
the results of clinical treatment are not ideal. Although 
the implementation of artificial joint replacement has alle-
viated the development of osteoarthritis to some extent, 
however, there are currently no ideal measurements to 
treat osteoarthritis. Therefore, it is of great significance 
for the effective and reasonable prevention and treatment 
of osteoarthritis to clarify the pathogenesis and progress 
mechanism of osteoarthritis and to find key targets for 
intervention.

Cytokines play an important role in physiological 
metabolism and functional regulation of organisms. In the 
early stage of osteoarthritis, inflammatory factors already 
exist. Among various inflammatory factors, interleukin-1β 
(IL-1β) and tumor necrosis factor-α (TNF-α) are most 
closely related to osteoarthritis (Yao et al. 2020). At pre-
sent, there is a large amount of evidence that the con-
tents of IL-1β and TNF-α in knee joint fluid are positively 
related to the severity of osteoarthritis. Chen et al. found 
that the expression of IL-1β and TNF-α was significantly 
increased in severe osteoarthritis compared with that in 
normal bone joints (Chen et al. 2015). Cartilage erosion 
is a sign of osteoarthritis, which is caused by the increased 
expression of extracellular matrix degrading enzymes and 
the decreased expression of extracellular matrix compo-
nents. Matrix metalloproteinase-13 (MMP-13) and Adam 
metalloproteinase with thrombospondin type 1 motif 5 
(ADAMTS-5) are two of the most important extracellu-
lar matrix degrading enzymes (Mehana et al. 2019; Wang 
et al. 2017). Collagen type II alpha 1 chain (COL2A1) 
is the main component of cartilage extracellular matrix 
(Yassin et al. 2020). The gene expression of extracellular 
matrix degrading enzymes and extracellular matrix com-
ponents is regulated by a variety of extracellular metabolic 
factors including IL-1β, IL-6 and TNF-α.

LncRNAs are a sub-type of non-coding RNAs with a 
length of more than 200 nt and exhibit higher tissue speci-
ficity and cell specificity than coding RNAs. They have 
different expression in different cells, tissues, and devel-
opmental stages and are involved in the occurrence and 

development of various diseases. More and more studies 
showed that lncRNAs are involved in regulating the patho-
genesis of osteoarthritis. Microarray analysis had found 
that over 500 lncRNAs are abnormally expressed in osteo-
arthritis cartilage tissues (Fu et al. 2015; Xing et al. 2014). 
It has been reported that lncRNAs CHRF and CXCR4 can 
participate in regulating inflammatory response signal-
ing pathways (Li et al. 2018; Yu et al. 2019). In addition, 
lncRNAs HOTAIR and MALAT1 can degrade cartilage 
extracellular matrix components (ECM) by increasing the 
expression of matrix metalloproteinases (MMPs), leading 
to cartilage degeneration and osteoarthritis (Zhang et al. 
2016; Zhang et al. 2019).

Potassium voltage-gated channel subfamily Q member 
1 overlapping transcript 1 (KCNQ1OT1) is a candidate 
gene for type II diabetes, which is believed to play a role 
in impaired insulin function (Chen et al. 2018). Previous a 
study has found that KCNQ1OT1 can promote the expres-
sion of β-Catenin and promote the proliferation and migra-
tion of ovarian cancer cells (Sunamura et al. 2016). Besides, 
it is reported that KCNQ1OT1 contributes to the progression 
and chemoresistance in acute myeloid leukemia by modu-
lating Tspan3 through suppressing miR-193a-3p (Sun et al. 
2020). Recently, a study showed that resveratrol can upreg-
ulate KCNQ1OT1 through the Wnt/β-Catenin pathway, 
reduce mice osteolysis induced by polymethylmethacrylate, 
and promote osteogenic differentiation of mouse mesenchy-
mal stem cells in vitro, suggesting that KCNQ1OT1 may 
play an important role in inflammatory bone diseases (Gao 
et al. 2018).

In this study, we clarified the expression of KCNQ1OT1 
in osteoarthritic chondrocytes and explored its possible 
mechanism in the progression of osteoarthritis, aiming to 
find a potential target for the treatment of osteoarthritis.

Materials and methods

Samples

Osteoarthritic cartilage tissue samples included in this study 
were obtained from patients undergoing knee replacement 
surgery (n = 25, 65.2 ± 4.5 years). Non-osteoarthritic car-
tilage tissue samples were obtained from trauma patients 
(n = 25, 62.7 ± 3.6 years). The protocol of this study was 
approved by the ethics committee of the first hospital of Jilin 
University, and written informed consent was obtained from 
each participant.

Chondrocyte culture and transfection

Chondrocytes were isolated from cartilage tissue of osteoar-
thritic patients undergoing arthroplasty and trauma patients 
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without osteoarthritis. Articular cartilage was digested 
consecutively in DMEM with pronase and collagenase as 
described previously until the cartilaginous tissue mass had 
largely disappeared and the solution had become cloudy, 
and then the medium was filtered with 75-μM cell strainer 
to remove impurities. Next, the supernatant was discarded 
after centrifugation at 1000 r/min for 5 min, and DMEM 
medium (containing 10% fetal bovine serum, penicillin 100 
U/mL, streptomycin 100 U/mL) was added, and the cell den-
sity was adjusted to 1 ×  106 mL and seeded in culture flasks, 
which were further incubated at 37 °C in a 5%  CO2 saturated 
humidity incubator (Lu et al. 2017). When the cells grew to 
about 80% confluency, they were passaged at a ratio of 1:2 
after digestion with 0.25% trypsin.

The adenoviral KCNQ1OT1 vector (Ad-KCNQ1OT1) 
and PIK3C2A overexpression vector (pcDNA-PIK3C2A) 
and their negative controls were purchased from Ribo-
Bio Co., Ltd (Guangzhou, China). The short interfering 
RNAs (siRNAs) against KCNQ1OT1 (si-KCNQ1OT1) and 
PIK3C2A (si-PIK3C2A) and their negative controls were 
synthesized by Bioneer (Shanghai, China). The miR-218-5p 
mimic, miR-218-5p inhibitor, and their negative controls 
were purchased from Santa Cruz Biotechnology (Santa 
Cruz, CA, USA). Transfection was performed using Lipo-
fectamine 2000 transfection reagent (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s instructions.

RNA extraction and real‑time quantitative PCR 
analysis

Total RNA was isolated from osteoarthritic chondrocytes 
by using the TRIzol (Invitrogen, Carlsbad, CA, USA). Sin-
gle-stranded cDNA was synthesized with the PrimeScript 
Reagent Kit (Promega, USA). Real-time qPCR was con-
ducted by using a SYBR Premix Ex TaqTM Kit (Takara, 
Dalian, China). The reaction was run in ABI7500 Real-time 
PCR system (Applied Biosystems, Carlsbad, CA). GAPDH 
and U6 were used as endogenous controls. Briefly, 2 µL of 
cDNA was added to 10 µL of the 2 × SYBR green PCR mas-
ter mix with 0.4 µL of Taq polymerase enzyme (RiboBio, 
China), 0.8 µL of each primer, and 6 µL  ddH2O to a final 
volume of 20 µL. The qPCR cycling conditions consisted 
of: 95 °C for 2 min, then 35 cycle amplification for 20 s at 
95 °C, 30 s at 55 °C, and 15 s at 72 °C, followed by 1 min at 
72 °C. The primers used in this study were synthesized by 
Sangon Biotech (Shanghai, China). The primer sequences 
were as follows: KCNQ1OT1 forward, 5′-ACT CAC TCA 
CTC ACT CAC T-3′, reverse, 5′-CTG GCT CCT TCT ATC 
ACA TT-3′; miR-218-5p forward, 5′-TTG CGG ATG GTT 
CCG TCA AGC A-3′, reverse, 5′-ATC CAG TGC AGG 
GTC CGA GG-3′; PIK3C2A forward, 5′-CTT ACT CAT 
TGC TTC ACC AGT GG-3′, reverse, 5′-GCC TCA ATC 
CAG GTC ACA GCT A-3′; U6 forward, 5′-CTC GCT TCG 

GCA GCA CA-3′, reverse, 5′-AAC GCT TCA CGA ATT 
TGC GT-3′; GAPDH forward, 5′-ATC ACT GCC ACC 
CAG AAG AC-3′; reverse: 5′-TTT CTA GAC GGC AGG 
TCA GG-3′. The relative expression levels were calculated 
by using the  2−ΔΔCT method.

Luciferase reporter gene assay

StarBase (http:// starb ase. sysu. edu. cn/) was used to predict 
potential target genes of KCNQ1OT1, and miR-218-5p is 
screened as the research object. In addition, PIK3C2A is 
one target gene of miR-218-5p. The wild type and mutant 
sequences of KCNQ1OT1 or PIK3C2A were cloned into the 
PGL3 luciferase reporter vector (Promega, USA), respec-
tively. HEK293 cells were seeded in 24-well plates, when 
growing to approximately 70% confluence, and co-trans-
fected with luciferase plasmids and miR-218-5p mimic or 
NC-mimic by using Lipofectamine 2000. After 48-h trans-
fection, the luciferase activity was determined by Multiskan 
FC Microplate Reader (Thermo Fisher Scientific, Waltham, 
MA, USA).

MTT assay

Cell viability was determined by MTT kits (Dojindo, Kuma-
moto, Japan). The osteoarthritic chondrocytes were seeded 
in a 96-well plate at 1.5 ×  104 cells/well. On days 1, 2, 3, and 
4 after transfection, respectively, the supernatant was dis-
carded and 20 μL of MTT solution was added to each well. 
After incubating at 37 °C for 4 h, the absorbance at 450 nm 
was measured and recorded. Each experimental procedure 
was processed at least three times.

Flow cytometry

The cells were collected and washed twice with PBS. The 
cell suspension (100 μL) with a cell density of 1 ×  106 cells/
mL was transferred into the culture tube, then incubated with 
5 μL Annexin V-FITC and 5 μL propidium iodide with room 
temperature for 20 min in the dark. Finally, 400 μL of bind-
ing buffer was added, and apoptotic cells were determined 
by flow cytometry (BD Biosciences, USA).

ELISA

The secretion of IL-6, TNF-α, and COX-2 in osteoarthritic 
chondrocytes supernatant was detected by enzyme-linked 
immunosorbent assay (ELISA) kits (Sigma, St. Louis, MO, 
USA) following the manufacturer’s instructions. Simi-
larly, the levels of secretory proteins including MMP-13, 
ADAMTS-5, and COL2A1 were detected by ELISA kits 
(Sigma, St. Louis, MO, USA).
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Western blotting

Protein homogenates from osteoarthritic chondrocytes were 
extracted as previously described. Briefly, the cells were 
lysed for 20 min on ice in ice-cold lysis buffer (Roche). The 
lysates were centrifuged at 12,000 × g for 20 min at 4 °C 
to obtain a clear lysate. The protein content of each sam-
ple was determined by using the BCA Protein Assay Kit 
(Thermo Scientific). Then, equal amounts of proteins (15 μg/
lane) were separated on a 12% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) and transferred 

to polyvinylidenedifluoride (PVDF) membranes (Bio-Rad, 
Hercules, CA, USA). The membranes were blocked in 
5% (w/v) nonfat dry milk in TBST (Tris-buffered saline-
0.1%Tween) at 25 °C for 3 h and then incubated with the 
following primary antibodies: rabbit polyclonal anti-β-actin 
antibody (1:900, Abcam), rabbit polyclonal anti-PIK3C2A 
antibody (1:600, Abcam), rabbit polyclonal anti-AKT anti-
body (1:1500, Abcam), rabbit polyclonal anti-p-AKT anti-
body (1:500, Abcam), rabbit monoclonal anti-PI3K antibody 
(1:1000, Abcam), and rabbit monoclonal anti-p-PI3K anti-
body (1:600, Abcam). Then, the membranes were incubated 

Fig. 1  The expression of KCNQ1OT1 was downregulated in osteo-
arthritic chondrocytes. a  The chondrocytes derived from osteoar-
thritic cartilage tissue and non-osteoarthritic cartilage tissue were 
collected (N = 50, 25 normal and 25 osteoarthritis). Relative expres-
sion of KCNQ1OT1 was detected by RT-qPCR. b  Ad-KCNQ1OT1 
and siKCNQ1OT1 were transfected into osteoarthritic chondrocytes, 
respectively. And relative expression of KCNQ1OT1 was detected 

by RT-qPCR. c  The viability of osteoarthritic chondrocytes was 
analyzed by MTT assay. d and d′  Apoptosis of osteoarthritic chon-
drocytes was detected by flow cytometry. e Relative content of IL-6, 
TNF-α, and COX-2 were analyzed by ELISA kits. f ELISA was used 
to detect the secretion levels of MMP-13, ADAMTS-5, and COL2A1. 
N = 3, **P < 0.01
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with horseradish peroxidase (HRP)-conjugated goat anti-
rabbit IgG (1:3000, Abcam, ab6721) or goat anti-mouse IgG 
(1:3000, Abcam, ab6728) for 1 h at room temperature. The 
bands were visualized by using an ECL Plus Chemilumi-
nescence Reagent Kit (Pierce, Rockford, IL, USA) and were 
photographed by a chemiluminescence imaging system. 
Image J software was used to quantify the band densities.

Statistical analysis

All statistical analyses were performed by using the SPSS 
software (ver. 21.0; SPSS, Chicago, IL). The quantitative 
data derived from three independent experiments were 
expressed as mean ± SEM. Comparisons between two 
groups were made by the Student’s t-test. Data between 
multiple groups were performed with one-way analysis of 
variance (ANOVA) followed by post hoc analysis with LSD 
test. P < 0.05 was considered statistically significant.

Results

The expression of KCNQ1OT1 was downregulated 
in osteoarthritic chondrocytes

We detected KCNQ1OT1 expression in chondrocytes derived 
from osteoarthritic cartilage tissue and non-osteoarthritic 
cartilage tissue, respectively, and the results suggested that 
KCNQ1OT1 expression in osteoarthritic chondrocytes was 

downregulated (Fig. 1a). For further reveal the role of KCN-
Q1OT1 in osteoarthritic chondrocytes, the KCNQ1OT1 
expression vector and KCNQ1OT1 siRNA were transfected 
into osteoarthritic chondrocytes. RT-qPCR results showed 
that Ad-KCNQ1OT1 significantly upregulated KCNQ1OT1 
expression, while KCNQ1OT1 siRNA inhibited KCNQ1OT1 
expression (Fig. 1b). Next, furthermore, we observed that 
KCNQ1OT1 promoted osteoarthritic chondrocyte viability 
(Fig. 1 c), inhibited apoptosis (Fig. 1d, d′) and inflammatory 
factors secretion including IL-6, TNF-α and COX-2 (Fig. 1e). 
Conversely, interfering with KCNQ1OT1 expression inhibited 
cell viability and promoted apoptosis and inflammatory fac-
tor secretion. Besides, we found that KCNQ1OT1 inhibited 
MMP-13 and ADAMTS-5 secretion and promoted COL2A1 
secretion, whereas interference with KCNQ1OT1 promoted 
MMP-13 and ADAMTS-5 secretion and inhibited COL2A1 
secretion (Fig. 1f).

MiR‑218‑5p was a direct target of KCNQ1OT1

It has been reported that miR-218-5p can promote the oste-
ogenic differentiation of bone marrow mesenchymal stem 
cells to improve the osteoporosis of menopausal mice, sug-
gesting a potential role of miR-218-5p in bone diseases (Kou 
et al. 2020). Therefore, we investigated the possible rela-
tionship between KCNQ1OT1 and miR-218-5p. We found 
a highly conserved binding sequence between miR-218-5p 
and KCNQ1OT1 through online bioinformatics database 
retrieval (Fig. 2a). In addition, the luciferase reporter gene 

Fig. 2  MiR-218-5p was a 
direct target of KCNQ1OT1. 
a StarBase 3.0 was used to 
predicts the targeting site of 
KCNQ1OT1 and miR-218-5p. 
b Relative luciferase activ-
ity was tested with wild-type 
and mutant-type KCNQ1OT1, 
respectively. c MiR-218-5p 
mimic and miR-218-5p 
inhibitor were transfected into 
osteoarthritic chondrocytes, 
respectively, and relative 
expression of KCNQ1OT1 was 
detected by RT-qPCR. d Rela-
tive expression of miR-218-5p 
was detected by RT-PCR after 
KCNQ1OT1 overexpressed 
or knocked down. N = 3, 
**P < 0.01
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assay results showed that miR-218-5p mimic significantly 
reduced the luciferase activity of KCNQ1OT1-wt reporter, 
but had no significant effect on the luciferase activity of 
KCNQ1OT1-mut reporter (Fig.  2b). To further verify 
the targeting relationship between KCNQ1OT1 and miR-
218-5p, we transfected miR-218-5p mimic and miR-218-5p 
inhibitor into osteoarthritic chondrocytes, and RT-qPCR 
results showed that miR-218-5p mimic significantly down-
regulated the expression of KCNQ1OT1 (Fig. 2c). Next, 
the Ad-KCNQ1OT1 and KCNQ1OT1 siRNA were trans-
fected into osteoarthritic chondrocytes, and RT-qPCR results 
showed that the expression of miR-218-5p was increased 
compared with the control group (Fig. 2d).

The expression of miR‑218‑5p was  upregulated in 
osteoarthritic chondrocytes

Our previous findings indicated that the expression of KCN-
Q1OT1 in osteoarthritic chondrocytes was downregulated, 
so we supposed that the expression of miR-218-5p in osteo-
arthritic chondrocytes should be upregulated. We detected 
miR-218-5p expression in chondrocytes derived from osteo-
arthritic cartilage tissue and non-osteoarthritic cartilage tis-
sue, respectively, and the results suggested that miR-218-5p 
expression in osteoarthritic chondrocytes was upregulated 
(Fig. 3a). The miR-218-5p mimic and miR-218-5p inhibi-
tor were transfected into osteoarthritic chondrocytes, and 

Fig. 3  The expression of miR-218-5p was upregulated in osteoar-
thritic chondrocytes. a Relative expression of miR-218-5p in normal 
chondrocytes and osteoarthritic chondrocytes was detected by RT-
qPCR. b  MiR-218-5p mimic and miR-218-5p inhibitor were trans-
fected into osteoarthritic chondrocytes, respectively. c Osteoarthritic 

chondrocyte viability was analyzed by MTT assay. d and d′  Apop-
tosis of osteoarthritic chondrocytes was detected by flow cytometry. 
e  Relative content of IL-6, TNF-α, and COX-2 were analyzed by 
ELISA kits. f ELISA was used to detect the secretion levels of MMP-
13, ADAMTS-5, and COL2A1. N = 3, **P < 0.01
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transfection efficiency is shown in Fig. 3b. Furthermore, 
we observed that miR-218-5p mimic inhibited osteoarthritic 
chondrocyte viability (Fig. 3c) and promoted apoptosis 
(Fig. 3d, d′) and inflammatory factors secretion including 
IL-6, TNF-α, and COX-2 (Fig. 3e). Conversely, miR-218-5p 
inhibitor promoted cell viability and inhibited apoptosis and 
inflammatory factor secretion. As expected, miR-218-5p 
mimic promoted MMP-13 and ADAMTS-5 secretion and 
inhibited COL2A1 secretion, whereas miR-218-5p inhibitor 
reduced MMP-13 and ADAMTS-5 secretion and increased 
COL2A1 secretion (Fig. 3f).

MiR‑218‑5p regulated proliferation and apoptosis 
of osteoarthritic chondrocytes by targeting PIK3C2A

It has been reported that PIK3C2A as a potential target of miR-
218-5p can reduce the secretion of matrix degrading enzymes 
including MMP13 and ADAMTS-5 and promote the produc-
tion of collagen II to reduce the dysfunction of chondrocytes, 
which suggests that PIK3C2A may be a potential target for 
the treatment of osteoarthritis (Lu et al. 2017). To further 
explore the regulatory relationship between miR-218-5p 
and PIK3C2A, firstly, we predicted possible target genes for 
miR-218-5p through Starbase 3.0 and found that miR-218-5p 
directly targets the 3′UTR of PIK3C2A. The wild-type and the 
mutant-type sequences of PIK3C2A were shown in Fig. 4a. 
Next, luciferase reporter gene analysis verified the targeting 
relationship between miR-218-5p and PIK3C2A (Fig. 4b). In 
addition, RT-qPCR and Western blotting results also showed 
that miR-218-5p mimic significantly reduced the mRNA 
(Fig. 4c) and protein (Fig. 4d, d′) levels of PIK3C2A.

Next, the pcDNA-PIK3C2A and PIK3C2A siRNA were 
transfected into osteoarthritic chondrocytes, respectively. 
Western blotting results showed that PIK3C2A siRNA signif-
icantly reduced the protein expression of PIK3C2A (Fig. 5a, 
a′). MTT assay results showed that PIK3C2A siRNA signifi-
cantly inhibited chondrocyte viability (Fig. 5b). As expected, 
transfection of si-PIK3C2A significantly promoted apopto-
sis (Fig. 5c, c′). In addition, ELISA results suggested that 
PIK3C2A siRNA significantly promoted the secretion of 
inflammatory factors including IL-6, TNF-α, and COX-2 
(Fig. 5d). Besides, several important secretory proteins in 
osteoarthritic chondrocytes were examined with ELISA kits 
and the results showed that PIK3C2A siRNA promoted the 
secretion of MMP-13 and ADAMTS-5, while the expression 
of COL2A1 was significantly inhibited (Fig. 5e).

MiR‑218‑5p functioned through the PI3K/AKT/mTOR 
pathway by targeting PIK3C2A

To explore whether miR-218-5p functioned through the PI3K/
AKT/mTOR pathway by targeting PIK3C2A, the osteoarthritic 
chondrocytes were transfected with miR-218-5p mimic alone 
or together with pcDNA-PIK3C2A. RT-qPCR results showed 
that pcDNA-PIK3C2A reversed the inhibition effect of miR-
218-5p on PIK3C2A expression (Fig. 6a). MTT assay results 
showed that pcDNA-PIK3C2A reversed the inhibition effect 
of miR-218-5p on chondrocyte viability (Fig. 6b). In addition, 
pcDNA-PIK3C2A significantly reduced the secretion of IL-6, 
TNF-α, and COX-2 (Fig. 6c). Next, ELISA results showed that 
pcDNA-PIK3C2A significantly reversed the increased effect 
of miR-218-5p mimic on MMP-13 and ADAMTS-5 and the 

Fig. 4  MiR-218-5p directly 
targeting 3′UTR of PIK3C2A. 
a StarBase 3.0 was used to 
predicts the targeting site of 
miR-218-5p in PIK3C2A 
mRNA 3′UTR. b The relative 
luciferase activity was tested 
with wild-type and mutant-type 
PIK3C2A, respectively. c, d 
and d′ The miR-218-5p mimic 
or miR-218-5p inhibitor were 
transfected into osteoarthritic 
chondrocytes and the mRNA 
and protein expression of 
PIK3C2A were analyzed by 
RT-qPCR and Western botting. 
β-actin was used as an invariant 
internal control for calculating 
protein-fold changes. N = 3, 
**P < 0.01
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decreased effect of COL2A1 (Fig. 6d). Besides, we detected the 
phosphorylation levels of PI3K, Akt, and mTOR, and Western 
blotting results showed that the phosphorylation levels of PI3K, 
Akt, and mTOR were decreased when miR-218-5p mimic was 
overexpress, whereas pcDNA-PIK3C2A significantly reversed 
the decreased effect of miR-218-5p mimic on the phosphoryla-
tion levels of PI3K, Akt and mTOR (Fig. 6e, e′).

KCNQ1OT1 attenuated chondrocyte dysfunction 
by activating the PI3K/Akt/mTOR pathway 
by targeting miR‑218‑5p

The PI3K/Akt/mTOR signaling pathway is closely related 
to inflammation and plays an important regulatory role 

in the osteoarthritis progression. To further investigate 
whether KCNQ1OT1 was involved in osteoarthritis patho-
genesis through the regulation of the PI3K/AKT/mTOR 
pathway, osteoarthritic chondrocytes were transfected with 
Ad-KCNQ1OT1 alone or together with miR-218-5p mimic. 
Meanwhile, the expression of miR-218-5p as well as the 
PI3K/Akt/mTOR pathway-related proteins was analyzed. 
RT-qPCR results showed that miR-218-5p mimic reversed 
the inhibition effect of KCNQ1OT1 on miR-218-5p expres-
sion (Fig. 7a). The results of MTT assay showed that miR-
218-5p mimic significantly reversed the promotion effect of 
KCNQ1OT1 on chondrocyte viability (Fig. 7b). In addition, 
pcDNA-PIK3C2A significantly increased the secretion of 
IL-6, TNF-α, and COX-2 (Fig. 7c). Similarly, miR-218-5p 

Fig. 5  The regulatory effect of PIK3C2A on osteoarthritic chondro-
cytes. Osteoarthritic chondrocytes were transfected with pcDNA3.1, 
pcDNA-PIK3C2A, NC-siRNA, and PIK3C2A siRNA, respectively. 
a and a′  Relative protein expression of PIK3C2A was analyzed 
by Western botting. b  MTT assay was used to measure the viabil-
ity of osteoarthritic chondrocytes. c and c′  Osteoarthritic chondro-

cyte apoptosis was detected by flow cytometry. d  Relative content 
of IL-6, TNF-α, and COX-2 were analyzed by ELISA kits, respec-
tively. e ELISA was used to detect the secretion levels of MMP-13, 
ADAMTS-5, and COL2A1. β-actin was used as the loading control. 
N = 3, **P < 0.01
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mimic reversed the decreased effect of KCNQ1OT1 on 
MMP-13 and ADAMTS-5 and the increased effect of 
COL2A1 (Fig.  7d). Besides, Western blotting results 
showed that the phosphorylation levels of PI3K, Akt, and 
mTOR were increased when KCNQ1OT1 mimic was over-
express, whereas miR-218-5p mimic significantly reversed 
the increased effect of KCNQ1OT1 on the phosphorylation 
levels of PI3K, Akt and mTOR (Fig. 7e, e′).

Discussion

In this study, we found that KCNQ1OT1 expression was 
decreased in osteoarthritic chondrocytes. Overexpres-
sion of KCNQ1OT1 could promote the proliferation of 

osteoarthritic chondrocytes and reduce their apoptosis. How-
ever, the specific mechanism of KCNQ1OT1 in osteoarthri-
tis needs further investigation. Li et al. showed that KCN-
Q1OT1 expression was upregulated in bladder cancer tissues 
compared with paracancerous tissues, and they confirmed 
that KCNQ1OT1 could specifically bind to miR-218-5p and 
reduce its expression, while overexpression of miR-218-5p 
inhibited bladder cancer cell proliferation and metastasis and 
promoted cell apoptosis. Mechanistically, they found that 
kcnq1ot1 could promote bladder cancer development via 
miR-218-5p and its target gene HS3ST3B1 (Li et al. 2020). 
Recently, there is new evidence that KCNQ1OT1 is signifi-
cantly up-regulated in osteogenic differentiation of bone 
marrow mesenchymal stem cells (BMSCs), while KCN-
Q1OT1 gene knockout inhibits osteogenic differentiation 

Fig. 6  MiR-218-5p regulated proliferation and apoptosis of osteo-
arthritic chondrocytes by targeting PIK3C2A. Osteoarthritic chon-
drocytes were transfected with miR-218-5p mimic alone or together 
with pcDNA-PIK3C2A, respectively. a  Relative mRNA expression 
of PIK3C2A was analyzed by RT-qPCR. b  Osteoarthritic chon-
drocyte viability was analyzed by MTT assay. c  Relative content 
of IL-6, TNF-α, and COX-2 were analyzed by ELISA kits, respec-

tively. d ELISA was used to detect the secretion levels of MMP-13, 
ADAMTS-5, and COL2A1. e and e′ The protein expression of total 
PI3K, p-PI3K, total AKT, p-AKT, total mTOR, and p-mTOR in 
osteoarthritic chondrocytes was analyzed by Western botting. β-actin 
was used as an invariant internal control for calculating protein-fold 
changes. N = 3, **P < 0.01
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and downregulates the expression of bone formation related 
genes, suggesting that KCNQ1OT1 has a positive regula-
tory effect on osteogenic differentiation of BMSCs (Wang 
et al. 2019). Gao et al. found that KCNQ1OT1 could directly 
target miR-21a-5p to promote the polarization of primary 
bone marrow-derived macrophages (BMMs) and improve 
the osteolysis induced by polymethylmethacrylate parti-
cles (Gao et al. 2018). The above studies suggest potential 
regulatory roles in bone diseases and provide ideas for our 
research.

We found that miR-218-5p is a potential target of KCN-
Q1OT1, and the dual luciferase reporter gene assay con-
firmed the targeting relationship between miR-218-5p and 
KCNQ1OT1. A study has shown that miR-218-5p mimic 
can significantly reduce the symptoms of postmenopausal 
osteoporosis (PMOP) mice, and compared with normal bone 
marrow mesenchymal stem cells (BMMSCs), the activity 
of ALP and miR-218-5p expression in osteogenic differ-
entiation induced by BMMSCs in PMOP mice decreased 

significantly. However, the transfection of miR-218-5p 
mimic and inhibitor significantly promoted and inhibited 
the differentiation of PMOP-BMMSCs (Kou et al. 2020). 
Another study showed that the expression of miR-218-5p 
was significantly up-regulated in the bone tissue of patients 
with glucocorticoid induced osteoporosis, while the expres-
sion of genes related to osteoblast function and maturation 
including COL1A2, BMP2, and RUNX2 was down regu-
lated, suggesting that miR-218-5p may become a further 
research object for the treatment and intervention of the 
disease (Belaya et al. 2018). Furthermore, Lu et al. found 
that miR-218-5p was significantly upregulated in moderate 
and severe osteoarthritic cartilage tissues, and PIK3C2A was 
identified as a target of miR-218-5p in SW1353 and C28/
I2 cells. They found that miR-218-5p mimics significantly 
inhibited chondrocyte collagen II and aggrecan secretion and 
promoted MMP-13 and ADAMTS-5 secretion. In the mech-
anism study, they found that downregulation of miR-218-5p 
promoted the expression of PIK3C2A and its downstream 

Fig. 7  KCNQ1OT1 attenuated chondrocyte dysfunction by activat-
ing the PI3K/Akt/mTOR pathway by targeting miR-218-5p. The Ad-
KCNQ1OT1 was transfected into osteoarthritic chondrocytes alone 
or together miR-218-5p mimic, respectively. a Relative expression of 
KCNQ1OT1 was analyzed by RT-qPCR. b MTT assay was used to 
measure the viability of osteoarthritic chondrocytes. c  IL-6, TNF-α, 

and COX-2 content were analyzed by ELISA kits, respectively. d The 
secretion levels of MMP-13, ADAMTS-5, and COL2A1 was detected 
by ELISA. e and e′  The protein expression of total PI3K, p-PI3K, 
total AKT, p-AKT, total mTOR, and p-mTOR in osteoarthritic chon-
drocytes was analyzed by Western botting. β-actin was used as an 
internal reference. N = 3, **P < 0.01
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target proteins including Akt and mTOR. In vivo studies 
revealed that osteoarthritic mice exposed to miR-218-5p 
inhibitor exhibited less articular chondrocyte loss than con-
trol mice(Lu et al. 2017). Taken together, the study by Lu 
et al. revealed a significant finding of miR-218-5p in osteo-
arthritis and was further validated in the present study.

Furthermore, we found that miR-218-5p was upregu-
lated in osteoarthritic chondrocytes and directly targets 
3′UTR of PIK3C2A. PIK3C2A is a class II member of 
the phosphoinositide 3-kinase (PI3K) family that cata-
lyzes the phosphorylation of phosphatidylinositol (PI) 
into PI(3)P and the phosphorylation of PI(4)P into PI(3,4)
P2. It has been reported that PIK3C2A was upregulated in 
osteosarcoma compared with para carcinoma bone tissues, 
and high levels of PIK3C2A were closely associated with 
osteosarcoma metastasis and poor overall survival (Chao 
et al. 2018). Furthermore, researchers found that the dele-
tion mutation of PIK3C2A in children of three independ-
ent close relatives could lead to short stature and multiple 
skeletal abnormalities, suggesting the key role of class II 
PI3K in growth and bone formation (Tiosano  et al. 2019).

The PI3K/AKT/mTOR signaling pathway has been 
known as one of the most prominent signal cascades to reg-
ulate cell survival, differentiation and development (Song 
et al. 2019; Sun et al. 2020). Of note, several previous studies 
have demonstrated that this signaling pathway plays a criti-
cal role in osteoarthritis pathogenesis. Wang et al. found that 
miR-138-5p regulated chondrocyte proliferation and alle-
viates intervertebral disc degeneration through the PTEN/
PI3K/AKT signaling pathway (Wang et al. 2016). He et al. 
showed that inhibition of miR-20 expression can promote 
the proliferation of articular chondrocytes via the PI3K/
AKT/mTOR axis (He and Cheng 2018). Xu et al. reported 
that resveratrol inhibited the development of obesity-related 
osteoarthritis via the TLR4 and PI3K/AKT signaling path-
ways (Xu et al. 2019). In this study, we found that KCN-
Q1OT1 was significantly down regulated in osteoarthritic 
chondrocytes. Overexpression of KCNQ1OT1 promoted the 
proliferation of osteoarthritic chondrocytes and inhibited 
apoptosis and the secretion of inflammatory factors. Fur-
thermore, our results clearly showed that KCNQ1OT1 can 
directly adsorb miR-218-5p to regulate PIK3C2A expres-
sion. The overexpression of KCNQ1OT1 and PIK3C2A in 
osteoarthritic chondrocytes resulted in a significant increase 
in the phosphorylation levels of PI3K, Akt, and mTOR, 
while miR-218-5p mimic significantly reversed the regula-
tory effect of KCNQ1OT1 and PIK3C2A.

In this study, we demonstrate that KCNQ1OT1 upregu-
lates PIK3C2A and activates the PI3K/AKT/mTOR pathway 
to reduce chondrocyte dysfunction by targeting miR-218-5p. 
Our findings may provide new ideas for the treatment of 
osteoarthritis.

Declarations 

Ethical approval The present study and the associated experimental 
protocols (human experiments) were performed in compliance with 
ethical guidelines and approved by the Institute Research Medical Eth-
ics Committee of the First Hospital of Jilin University, Changchun, 
Jilin, China. (approval no. FH2016-184). All osteoarthritis tissues and 
non-osteoarthritis tissues were also used in accordance with the Hel-
sinki declaration.

Informed consent Fully informed consent was obtained from every 
participant prior to enrollment.

Conflict of interest The authors declare that they have no conflict of 
interest.

References

Belaya ZE, Grebennikova TA, Melnichenko GA, Nikitin AG,  
Solodovnikov AG, Brovkina OI, Grigoriev AU, Rozhinskaya LY, 
Dedov II (2018) Effects of endogenous hypercortisolism on bone 
mRNA and microRNA expression in humans. Osteopor Int : a 
journal established as result of cooperation between the European 
Foundation for Osteoporosis and the National Osteoporosis Foun-
dation of the USA 29:211–221

Chao LM, Sun W, Chen H, Liu BY, Li PF, Zhao DW (2018) MicroRNA- 
31 inhibits osteosarcoma cell proliferation, migration and 
invasion by targeting PIK3C2A. Eur Rev Med Pharmacol Sci 
22:7205–7213

Chen B, Ma J, Li C, Wang Y (2018) Long noncoding RNA KCN-
Q1OT1 promotes proliferation and epithelial-mesenchymal transi-
tion by regulation of SMAD4 expression in lens epithelial cells. 
Mol Med Rep 18:16–24

Chen C, Xie J, Rajappa R, Deng L, Fredberg J, Yang L (2015) 
Interleukin-1β and tumor necrosis factor-α increase stiffness and 
impair contractile function of articular chondrocytes. Acta Bio-
chim Biophys Sin 47:121–129

Fu M, Huang G, Zhang Z, Liu J, Zhang Z, Huang Z, Yu B, Meng F 
(2015) Expression profile of long noncoding RNAs in cartilage 
from knee osteoarthritis patients. Osteoarthr Cartil 23:423–432

Gao X, Ge J, Li W, Zhou W, Xu L (2018a) LncRNA KCNQ1OT1 ame-
liorates particle-induced osteolysis through inducing macrophage 
polarization by inhibiting miR-21a-5p. Biol Chem 399:375–386

Gao X, Ge J, Li W, Zhou W, Xu L (2018) LncRNA KCNQ1OT1 pro-
motes osteogenic differentiation to relieve osteolysis via Wnt/β-
catenin activation. Cell Biosci 8:19

He W, Cheng Y (2018) Inhibition of miR-20 promotes proliferation 
and autophagy in articular chondrocytes by PI3K/AKT/mTOR 
signaling pathway. Biomed Pharmacother = Biomedecine & phar-
macotherapie 97:607–615

Kou J, Zheng X, Guo J, Liu Y, Liu X (2020) MicroRNA-218-5p 
relieves postmenopausal osteoporosis through promoting the 
osteoblast differentiation of bone marrow mesenchymal stem 
cells. J Cell Biochem 121:1216–1226

Li L, Lv G, Wang B, Kuang L (2018) The role of lncRNA XIST/
miR-211 axis in modulating the proliferation and apoptosis of 
osteoarthritis chondrocytes through CXCR4 and MAPK signaling. 
Biochem Biophys Res Commun 503:2555–2562

Li Y, Shi B, Dong F, Zhu X, Liu B, Liu Y (2020) LncRNA KCN-
Q1OT1 facilitates the progression of bladder cancer by targeting 
MiR-218–5p/HS3ST3B1. Cancer Gene Ther

125Cell and Tissue Research (2021) 385:115–126



1 3

Liu Q, Wang S, Lin J, Zhang Y (2018) The burden for knee osteoarthri-
tis among Chinese elderly: estimates from a nationally representa-
tive study. Osteoarthr Cartil 26:1636–1642

Lu J, Ji ML, Zhang XJ, Shi PL, Wu H, Wang C, Im HJ (2017) MicroRNA- 
218-5p as a Potential Target for the Treatment of Human Osteo-
arthritis. Mol Ther : the journal of the American Society of Gene 
Therapy 25:2676–2688

Mehana EE, Khafaga AF, El-Blehi SS (2019) The role of matrix met-
alloproteinases in osteoarthritis pathogenesis: an updated review. 
Life Sci 234:116786

Safiri S, Kolahi AA, Smith E, Hill C, Bettampadi D, Mansournia MA, 
Hoy D, Ashrafi-Asgarabad A, Sepidarkish M, Almasi-Hashiani A 
et al (2020) Global, regional and national burden of osteoarthritis 
1990–2017: a systematic analysis of the Global Burden of Disease 
Study 2017. Ann Rheum Dis 79:819–828

Song L, Zhou Z, Gan Y, Li P, Xu Y, Zhang Z, Luo F, Xu J, Zhou Q, 
Dai F (2019) Long noncoding RNA OIP5-AS1 causes cisplatin 
resistance in osteosarcoma through inducing the LPAATβ/PI3K/
AKT/mTOR signaling pathway by sponging the miR-340-5p. J 
Cell Biochem 120:9656–9666

Sun H, Sun Y, Chen Q, Xu Z (2020a) LncRNA KCNQ1OT1 contrib-
utes to the progression and chemoresistance in acute myeloid leu-
kemia by modulating Tspan3 through suppressing miR-193a-3p. 
Life Sci 241:117161

Sun K, Luo J, Guo J, Yao X, Jing X, Guo F (2020) The PI3K/AKT/
mTOR signaling pathway in osteoarthritis: a narrative review. 
Osteoarthr Cartil 28:400–409

Sun X, Zhen X, Hu X, Li Y, Gu S, Gu Y, Dong H (2019) Osteoarthritis 
in the Middle-Aged and Elderly in China: Prevalence and Influ-
encing Factors. Int J Environ Res Public Health 16

Sunamura N, Ohira T, Kataoka M, Inaoka D, Tanabe H, Nakayama 
Y, Oshimura M, Kugoh H (2016) Regulation of functional KCN-
Q1OT1 lncRNA by β-catenin. Sci Rep 6:20690

Tiosano D, Baris HN, Chen A, Hitzert MM, Schueler M, Gulluni F, 
Wiesener A, Bergua A, Mory A, Copeland B et al (2019) Muta-
tions in PIK3C2A cause syndromic short stature, skeletal abnor-
malities, and cataracts associated with ciliary dysfunction. PLoS 
Genet 15:e1008088

Wang B, Wang D, Yan T, Yuan H (2016) MiR-138-5p promotes TNF-
α-induced apoptosis in human intervertebral disc degeneration 
by targeting SIRT1 through PTEN/PI3K/Akt signaling. Exp Cell 
Res 345:199–205

Wang CC, Guo L, Tian FD, An N, Luo L, Hao RH, Wang B, 
Zhou ZH (2017) Naringenin regulates production of matrix 

metalloproteinases in the knee-joint and primary cultured articu-
lar chondrocytes and alleviates pain in rat osteoarthritis model. 
Braz J Med Biol Res = Revista brasileira de pesquisas medicas e 
biologicas 50:e5714

Wang CG, Liao Z, Xiao H, Liu H, Hu YH, Liao QD, Zhong D (2019) 
LncRNA KCNQ1OT1 promoted BMP2 expression to regulate 
osteogenic differentiation by sponging miRNA-214. Exp Mol 
Pathol 107:77–84

Xing D, Liang JQ, Li Y, Lu J, Jia HB, Xu LY, Ma XL (2014) Identifi-
cation of long noncoding RNA associated with osteoarthritis in 
humans. Orthop Surg 6:288–293

Xu X, Liu X, Yang Y, He J, Gu H, Jiang M, Huang Y, Liu X, Liu L 
(2019) Resveratrol inhibits the development of obesity-related 
osteoarthritis via the TLR4 and PI3K/Akt signaling pathways. 
Connect Tissue Res 60:571–582

Yao J, Long H, Zhao J, Zhong G, Li J (2020) Nifedipine inhibits oxida-
tive stress and ameliorates osteoarthritis by activating the nuclear 
factor erythroid-2-related factor 2 pathway. Life Sci 253:117292

Yassin AM, AbuBakr HO, Abdelgalil AI, Khattab MS, El-Behairy AM, 
Gouda EM (2020) COL2A1 and Caspase-3 as Promising Bio-
markers for Osteoarthritis Prognosis in an Equus asinus Model. 
Biomolecules 10:

Yu C, Shi D, Li Z, Wan G, Shi X (2019) Long noncoding RNA 
CHRF exacerbates IL-6-induced inflammatory damages by 
downregulating microRNA-146a in ATDC5 cells. J Cell Physiol 
234:21851–21859

Zhang C, Wang P, Jiang P, Lv Y, Dong C, Dai X, Tan L, Wang Z 
(2016a) Upregulation of lncRNA HOTAIR contributes to IL-1β-
induced MMP overexpression and chondrocytes apoptosis in tem-
poromandibular joint osteoarthritis. Gene 586:248–253

Zhang JF, Song LH, Wei JN, Zhang AL, Dong HY, Wen HY, Luo J, 
Liu G (2016b) Prevalence of and risk factors for the occurrence 
of symptomatic osteoarthritis in rural regions of Shanxi Province, 
China. Int J Rheum Dis 19:781–789

Zhang Y, Wang F, Chen G, He R, Yang L (2019) LncRNA MALAT1 
promotes osteoarthritis by modulating miR-150-5p/AKT3 axis. 
Cell Biosci 9:54

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

126 Cell and Tissue Research (2021) 385:115–126


	LncRNA KCNQ1OT1 attenuates osteoarthritic chondrocyte dysfunction via the miR-218-5pPIK3C2A axis
	Abstract
	Introduction
	Materials and methods
	Samples
	Chondrocyte culture and transfection
	RNA extraction and real-time quantitative PCR analysis
	Luciferase reporter gene assay
	MTT assay
	Flow cytometry
	ELISA
	Western blotting
	Statistical analysis

	Results
	The expression of KCNQ1OT1 was downregulated in osteoarthritic chondrocytes
	MiR-218-5p was a direct target of KCNQ1OT1
	The expression of miR-218-5p was  upregulated in osteoarthritic chondrocytes
	MiR-218-5p regulated proliferation and apoptosis of osteoarthritic chondrocytes by targeting PIK3C2A
	MiR-218-5p functioned through the PI3KAKTmTOR pathway by targeting PIK3C2A
	KCNQ1OT1 attenuated chondrocyte dysfunction by activating the PI3KAktmTOR pathway by targeting miR-218-5p

	Discussion
	References


